The purpose of the present study was to evaluate the effect of diets containing Lactobacillus plantarum CJLP243 on the growth and cytokine response of weaning pigs (Sus scrofa) challenged with enterotoxigenic Escherichia coli (ETEC). In a 28-d experiment (14 d before and 14 d after challenge), a total of 108 pigs at 20 ± 1 d of age were allotted to 1 of 6 diets. These were a control diet without ETEC challenge (CON) and 5 treatment diets with ETEC challenge, including a control diet with ETEC challenge (negative control, NC); a positive control diet containing antibiotics (PC); control diet plus (10 8 , 10 9 , or 10 10 ) cfu/kg L. plantarum CJLP243 (T1, T2, and T3, respectively). After challenge, NC showed the least ADFI, whereas PC and T3 had the greatest ADFI (P = 0.002). The ADG of PC, T2, and T3 were greater (P = 0.001) than that of CON, NC, and T1 during wk 1 to wk 2. During wk 3 to wk 4, a marked decline was seen in NC (P = 0.001) compared with CON, whereas PC and T3 showed increased ADG (P = 0.001). The overall ADG of PC and T3 were greater (P < 0.001) than the remaining groups.
except CON had greater rectal temperatures (RT; P < 0.05). The RT decreased to prechallenge temperatures at 9 h (PC and T3), 24 h (T1 and T2), and remained increased until d 7 in NC. At 7 and 14 d postinfection, the number of animals detected positive for ETEC by PCR assay was the greatest in NC; however, the PC group had the fewest ETEC-positive animals (P < 0.05), which was similar to T3. All challenged pigs, except T2, had greater concentrations of serum haptoglobin compared with CON, with the greatest concentration observed in NC (P < 0.001). Challenged pigs had increased serum concentrations of tumor necrosis factor alpha (TNF-α) 3 to 48 h postinfection, with the greatest concentration of TNF-α at 48 h observed in NC (P < 0.05). Similarly, greater (P < 0.05) serum concentrations of interferon-γ were observed for 9 h (T1 and T3), 24 h (T2 and PC), and 48 h (NC) postinfection. The serum concentration of IL-6 increased (P < 0.05) for 3 h in T3 and 24 h in NC. In conclusion, our fi ndings suggest that L. plantarum CJLP243, at a concentration of 10 10 cfu/kg, may serve as a potential alternative to antibiotic supplementation to improve the growth and health performance of weaning pigs, especially during acute infl ammation of the gut after bacterial infections.
INTRODUCTION
Enterotoxigenic Escherichia coli (ETEC) is a major problem in the swine industry and results in scouring, increased mortality, and poor performance in the postweaning period (Bhandari et al., 2008) . As many countries have restricted the use of antibiotics in food-producing animals, there has been an increasing need for alternative feed additives and ingredients that may improve the health and productive performance of pigs (Turner et al., 2002a,b; Pettigrew, 2006) . Several probiotic bacteria have been investigated for their preventive or curative effects on piglet diarrhea caused by E. coli (Bosi et al., 2004; Schroeder et al., 2006; Konstantinov et al., 2008) . Although the mechanisms by which Lactobacilli modulate the immune function are not fully understood, several mechanisms have been proposed, including competitive exclusion, production of antibacterial substances, and modulation of the immune response (Nava et al., 2005; Weber et al., 2008) . In the weaning period, the most promising effects of probiotics are related to their competitive exclusion of pathogenic bacteria. This effect could be a result of their positive infl uence on gut microbiota balance, intestinal epithelial integrity, and appropriate maturation of the gut associated tissue (Metzler et al., 2005) . Lactobacillus strains could also modulate various local and systemic immune responses (De Vrese and Schrezenmeir, 2002; Perdigón et al., 2002; Chapat et al., 2004) .
The objective of this study was to evaluate the effect of piglet diets containing various amounts of a commercial probiotic preparation, L. plantarum CJLP243, on the growth and cytokine response of weaning pigs challenged with ETEC.
MATERIALS AND METHODS
The experimental protocol used in this study was approved by the bioethical committee of Chungnam National University. The study was conducted at the experimental animal facility of the Department of Animal Reproduction and Physiology, Chungnam National University.
Bacterial Strains
A clinical strain of ETEC obtained from diarrheic piglets was used for challenge experiments in this study. The ETEC strain K88ac (kindly provided by Animal Plant and Fisheries Quarantine and Inspection Agency, Anyang, Korea) was grown in Tryptic soy agar (BD, Franklin Lakes, NJ). After overnight incubation at 37°C with shaking, bacteria were diluted 1:100 in fresh Tryptic Soy Broth. After incubation, the bacterial cells were harvested by centrifugation at 3,000 × g for 10 min at 4°C, washed in sterile physiological saline, and resuspended in saline. Bacterial concentrations of ETEC were determined by cfu counts after agar plating of bacterial serial dilutions. A standard curve of optical density (OD) versus cfu/mL was constructed and used to prepare a solution containing approximately 1 × 10 9 cfu/mL of ETEC. The identity of the strain was confi rmed with PCR-based approaches using a GeneChaser ETEC monotype PCR kit (RapiGEN, Gunpo, Korea) . Briefl y, genomic DNA of ETEC was extracted using DNA extraction buffer. Polymerase chain reaction was performed in a thermal cycler system (2720 Thermal cycler, Applied Bio-systems, Foster City, CA) using PCR Pre-Mix with the following protocol: 1 cycle of 3 min at 95°C; 40 cycles of 20 s at 94°C, 20 s at 63°C, 45 s at 72°C; and at fi nal extension for 1 cycle of 5 min at 72°C. Polymerase chain reaction products were analyzed by gel electrophoresis through a 1.5% (wt/vol) agarose gel and the amplicons at 452 bp (heat-labile gene) and 168 bp (heat-stable) were detected.
A newly isolated probiotic strain, L. plantarum CJLP243, was obtained from a commercial company (CJ CheilJedang Co., Seoul, Korea). Common probiotic properties of the strain, including its acid and bile tolerance, adhesion to intestinal epithelial cells, and the in vitro antagonistic activity against a panel of bacteria were reported elsewhere (Lee et al., 2011) .
Animals, Diets, and Experimental Design
A total of 108 crossbred Duroc × (Yorkshire × Landrace) piglets weaned at 20 ± 1 d were obtained from Chungnam Livestock Research Institute. The animals were housed in a biohazard Level 2 animal facilities that restricted access to unauthorized personnel, and all individuals using the facility were trained in procedures related to biohazard containment. Piglets were housed in animal rooms within pens (1.5 m × 1.2 m) with a plastic-covered expanded plastic fl oor. The animals were housed in 3 well-ventilated and light-controlled rooms with the room temperatures maintained at 32 ± 2°C, and with unlimited access to feed and water throughout the 4-wk study period. To ensure piglets began the study free of ETEC infection, fecal samples were collected and checked with the above PCR method before the start of the experiment.
In a 28-d study, animals were blocked by initial BW, equalized for sex, and randomly allotted to 1 of 6 dietary treatments. There were 18 pigs per treatment, which were allocated: 3 pigs × 3 pens × 2 replicates. The 6 treatments were as follows: 1) a control diet (Table 1) formulated to meet the NRC (1998) requirements (CON); 2) control diet and ETEC challenge (negative control, NC); 3) a positive control diet with antibiotics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; PC); 4) control diet plus 10 8 cfu/kg L. plantarum CJLP243 (T1); 5) control diet plus 10 9 cfu/kg L. plantarum CJLP243 (T2); and 6) control diet plus 10 10 cfu/kg L. plantarum CJLP243 (T3). Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 10 9 cfu of ETEC. The rationale for dividing the study period into 2-wk pre-and postchallenge periods was to compare the effects of probiotic supplementation in piglets during health and pathogenic insult to the gut.
An initial BW was taken at d 0, with subsequent BW and feed disappearance measurements obtained on d 7, 14, 21, and 28. Body weights and feed intake were used to calculate the ADG, ADFI, and G:F.
Rectal Temperature and Serum Analyses
Rectal temperature (RT) was measured on each piglet using a rapid-response digital electric thermometer before (0 h) and at 3, 9, 24, 48, 168, and 336 h after ETEC challenge. Blood samples were collected from all piglets by jugular puncture into 10-mL plain tubes. Then samples were allowed to clot for 30 min at room temperature and then stored at 4°C overnight before harvesting serum by centrifugation at 2,000 × g for 10 min at 4°C. Sera collected at 0, 3, 9, 24, 48, 168, and 336 h after ETEC challenge were analyzed using commercial ELISA kits for IL-1β, IL-6 , tumor necrosis factor alpha (TNF-α), and interferon gamma (INF-γ; Invitrogen, Camarillo, CA). The decision to investigate some representative pro-infl ammatory cytokines in this study was based on previous reports that ETEC infections cause pro-infl ammatory responses in intestinal epithelial cells (Zanello et al., 2011) . In our previous study using Salmonella-challenged pigs (Gebru et al., 2010) and also in other reports (Balaji et al., 2000; Turner et al., 2002a) , no differences in serum concentrations of those cytokines between challenged and control pigs were observed after 1 to 2 d postchallenge. Therefore, a more frequent sampling interval for sera analysis was chosen in the present study. Sera collected at 24, 48, 168, and 336 h after ETEC challenge were used to determine haptoglobin with a commercial pig haptoglobin ELISA (Immunology Consultants Laboratory, Inc., Newberg, OR). Haptoglobin concentrations in sera were measured to evaluate the acute phase immune response after ETEC challenge, as increased serum haptoglobin concentrations are associated with increased immune function (Johnson, 1997) .
Analysis of Bacterial Shedding and Clinical Scoring of Diarrhea
Fecal samples for ETEC detection were collected from all pigs using the culture swab transport system (BD, Franklin Lakes, NJ) at d 2, 7, and 14 after ETEC challenge. The presence of ETEC in fecal samples was confi rmed by using a GeneChaser ETEC monotype PCR kit as described above. Severity of diarrhea was determined by using the fecal consistency (FC) score system described by Marquardt et al. (1999) . Fecal consistency scoring (0, normal; 1, soft feces; 2, mild diarrhea; 3, severe diarrhea) was performed by 2 trained personnel with no prior knowledge of the dietary treatment allotments.
Statistical Analysis
Data were analyzed as a completely randomized design by using the GLM and PROC MIXED procedures (SAS Inst. Inc., Cary, NC). For performance analyses, a generalized randomized block design with repeated measures over time on each experimental unit (individual pens) was followed. Bacterial shedding was also analyzed by pen, including the effect of sampling day in the model. The models included terms for the fi xed effects of treatment, time, and the appropriate interactions, and block and pen were considered random effects. Comparisons between dietary treatments or sampling times were made only when a signifi cant (P < 0.05) F-test for the main effect or interaction was found using the LSD procedure. All means presented are least squares means. Table 2 shows the ADFI, ADG, and G:F data computed for prechallenge (fi rst 2-wk period), postchallenge (second 2-wk period), and the overall experimental period (4-wk period). The ADFI of all treatment groups was similar in fi rst 2-wk period (P = 0.851). After ETEC administration (second 2-wk period), the NC group showed decreased ADFI (P < 0.05) compared with other groups (P < 0.05). The ADG of PC and T3 were greater (P < 0.05) than that of CON, NC, and T1 during fi rst 2-wk period. After ETEC challenge (wk 3 and wk 4), NC had the least and PC and T3 had the greatest ADG compared with other groups (P < 0.05). The overall ADG (4-wk period) of PC and T3 were greater (P < 0.05) than the remaining groups, whereas CON, T1, and T2 groups had comparable ADG. The G:F of all treatment groups was similar in the fi rst 2-wk period. During the second 2-wk period, and the overall experimental period, PC and T3 had similar G:F which was greater than that of NC (P < 0.05).
RESULTS

Growth Performance
Rectal Temperature and Diarrhea Scores
Before ETEC challenge, all pigs were apparently healthy with RT between ~39 and 39.5°C. At 3 h after ETEC challenge, pigs in all groups except CON had greater RT (P < 0.05, Figure 1 ). The RT of PC and T3 decreased to prechallenge temperatures at 9 h postchallenge, whereas all groups except NC resumed normal RT at 24 h and thereafter. The RT of NC was still greater at 168 h postchallenge.
All pigs had low fecal consistency scores before and during 3 h after ETEC challenge (Figure 2 ; P < 0.05). Very slight changes in fecal consistency were observed in CON and T3 throughout the postchallenge period (P < 0.05). However, through 9 to 48 h after challenge, PC, T1, T2, and NC had scouring with the greatest diarrhea score observed in NC (P < 0.05). Until 48 h postchallenge, no differences were observed in the diarrhea scores between T2 and PC (P > 0.05), whereas T3 had a lower diarrhea score (P < 0.05) than PC. The T2, T3, and PC recovered before 168 h, whereas T1 recovered before 336 h and NC still had the greatest diarrhea score by 336 h (P < 0.05).
To determine the relationship between the diarrhea scores and ETEC shedding, we determined the presence of ETEC in the fecal samples of all animals using the speciesspecifi c PCR method described above. As shown in Figure  3 , no differences were observed at d 2 postchallenge among T1, T2, T3, and NC (P > 0.05) in the number of animals detected positive for ETEC by the PCR assay, where as PC maintained the least number of animals detected positive for ETEC (P < 0.05). At d 7 and d 14 postinfection, the number of positive animals was greater in NC than all other treatments (P < 0.05), and PC and T3 maintained similar numbers of ETEC-positive animals, which was the least among the challenged groups (P < 0.05). 2 Values are calculated for 2 wk before ETEC challenge, 2 wk after challenge, and for the overall 4-wk period.
Analysis of Serum
Serum samples collected during the 28-d study period (both before and after ETEC challenge) were examined for haptoglobin and cytokine concentrations. There was an effect of dietary treatment (P < 0.001) and time (P = 0.006) on the serum concentrations of haptoglobin. However, no effect was observed for the diet × time interaction (P = 0.12, Table 3 ). Before ETEC challenge (d 0), and at d 1 after challenge, all groups had similar serum haptoglobin concentrations (P > 0.05). No changes in serum haptoglobin concentrations were observed in CON throughout the fi rst 2-wk period (P > 0.05). Two days after ETEC challenge, haptoglobin concentrations increased (P < 0.05) in all groups except T2, and the greatest increase was observed in NC. The T1, T3, and NC maintained increased haptoglobin concentrations through d 7 (P < 0.05), the greatest concentration being for NC. However, haptoglobin concentrations markedly decreased to the prechallenge concentration in the T2 and PC groups at d 7 and in all groups at d 14 postchallenge (P = 0.36).
There was an effect of dietary treatment (P < 0.001), time postinfection (P = 0.001), and diet × time interaction (P = 0.001) on the serum concentrations of IL-6 in this study (Table 4) . Before ETEC challenge (d 0), all groups had similar IL-6 concentrations (P = 0.06). After ETEC challenge, IL-6 concentrations were greater in NC than all other groups from 3 h to 7 d postinfection (P < 0.05). At 3 h postchallenge, the IL-6 concentration of PC was less than that of T1, T2, and T3 (P < 0.05). However, no differences were observed in the IL-6 concentration of PC compared with T2 and T3 from 9 to 336 h postchallenge (P > 0.05). In all groups, IL-6 concentrations were similar to d 0 concentrations by d 14.
There was an effect of dietary treatment (P < 0.001), time postinfection (P < 0.001), and diet × time interaction (P = 0.001) on the serum concentrations of TNF-α (Table 5 ). The TNF-α concentration increased from d 0 concentrations from 3 to 48 h after ETEC challenge (P < 0.05), decreased at d 7, and returned to d 0 concentrations by d 14. A biphasic increase in TNF-α concentration was observed in NC, PC, and T2 at 9 h and 48 h postinfection (P < 0.05). The NC had the greatest TNF-α concentration at 48 h postinfection compared with all other groups (P < 0.05). No differences were observed in the TNF-α concentration among T1, T2, T3, and PC at 48 h postinfection and thereafter (P > 0.05).
Similar to other cytokines, there was also an effect of dietary treatment (P < 0.001), time postinfection (P Fecal consistency scoring of pigs on 1 of 6 dietary treatments measured during 2 wk after orally challenged with enterotoxigenic Escherichia coli (ETEC; 10 9 cfu/mL). CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 10 9 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 10 8 cfu/kg Lactobacillus plantarum CJLP243; T2 = control diet plus 10 9 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 10 10 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 10 9 cfu of ETEC. Fecal consistency scoring (0 = normal; 1 = soft feces; 2 = mild diarrhea; 3 = severe diarrhea) was performed by 2 trained personnel with no prior knowledge of the dietary treatment allotments. Values are least squares means ± SEM of 6 pens per dietary treatment. Letters denote fecal consistency scoring greater than those on d 0 (P < 0.05). = 0.001), and diet × time interaction (P = 0.001) on the serum concentrations of INF-γ (Table 6) . Before ETEC challenge, all groups had similar INF-γ concentrations (P = 0.06). In T1 and T3, increased (P < 0.05) INF-γ concentrations were observed at 3 h and 9 h postinfection, which decreased to prechallenge concentrations thereafter. In T2 and PC, increased INF-γ concentrations lasted longer, from 3 to 24 h, and decreased to prechallenge concentrations after 24 h. In NC, the concentrations increased (P < 0.05) from 3 to 48 h and decreased to prechallenge concentrations after 48 h (P > 0.05). At 3 and 48 h postchallenge, the concentrations of INF-γ in NC were the greatest compared with all other groups (P < 0.05).
DISCUSSION
The results of this study indicated that weaning pigs fed the greatest amount of the probiotic L. plantarum CJLP243 (T3) had similar ADFI, ADG, and G:F to the PC, which were ~16, 23, and 19 (T3) or 21% (PC) greater, respectively, than that of the NC. Consistently, previous studies have established improved ADFI and ADG of piglets fed various strains of probiotic bacteria. For example, dietary supplementation of lactobacillus complex, including L. gasseri, L. reuteri, L. acidophilus, and L. fermentum, to piglets during the fi rst 2 wk after weaning resulted in ~28% greater ADFI and 31% greater ADG compared with diets containing the antibacterial agent carbadox (Huang et al, 2004) . Furthermore, 27 to 45% greater ADG was reported in piglets fed with strains of L. reuteri compared with piglets fed a control diet (Chang et al., 2001) . Despite the various reports on the benefi cial effects of probiotics in piglet performance, investigations on the specifi c dose-response effects are relatively scarce. In most feeding trials, the dose of probiotic supplementation has been based on a concentration of 10 9 cfu, which corresponds to approximately 10 to 100 g of digesta for the adult pig, and is comparable with the number of lactic acid bacteria in the same amount of gastric contents from piglets (Mikkelsen and Jensen, 2004; Modesto et al., 2009) . In various previous studies, probiotic bacteria have been supplemented at a concentration range of 10 9 to 10 10 cfu per animal per day, which corresponds to a dietary amount of 10 6 to 10 7 cfu per gram of feed. Hence, we chose 3 different concentrations of L. plantarum CJLP243 in this study, and found the greatest growth performance with the greatest concentration of probiotics (i.e., in T3). The dose-dependent response of piglet growth performance in this study was consistent with a previous report using bifi dobacterium species (Modesto et al., 2009) .
Acute febrile and feed intake responses have proven to be useful measures of the clinical manifestations in pigs with enteric disease (Balaji et al., 2000; Turner et al., 2002a,b) . Enterotoxigenic E. coli challenge of piglets in this study was associated with an increased RT that decreased to the prechallenge temperature before 9 h (PC and T3) and before 24 h (T1 and T2). The NC did not Figure 3 . Detection of enterotoxigenic Escherichia coli (ETEC) in fecal samples of pigs on 1 of 6 dietary treatments measured on d 2, 7, and 14 after orally challenged with ETEC (10 9 cfu/mL). CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 10 9 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 10 8 cfu/kg Lactobacillus plantarum CJLP243; T2 = control diet plus 10 9 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 10 10 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 10 9 cfu of ETEC. The identity of ETEC in feces was confi rmed by PCR-based approaches using a GeneChaser ETEC monotype PCR kit. Values are least squares means ± SEM of 6 pens per dietary treatment. Within a given period, bars without a common superscript differ (P < 0.05). a,b Within a row, values without a common superscript differ (P < 0.05).
x-z Within a column, values without a common superscript differ (P < 0.05).
1 Effects of diet, time, and diet × time interaction, P < 0.001.
2 CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 10 9 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 10 8 cfu/kg Lactobacillus plantarum CJLP243; T2 = control diet plus 10 9 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 10 10 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 10 9 cfu of ETEC.
resume normal RT until 168 h postinfection. The longer febrile state in NC is consistent with previous reports in Salmonella-challenged pigs (Balaji et al., 2000; Gebru et al., 2010) .
Consistent with our previous observation in Salmonella-challenged pigs (Gebru et al., 2010) , the transient increase in RT of probiotic-or antibiotic-supplemented pigs in this study did not affect the overall ADFI, ADG, and G:F of these animals during the overall postchallenge period. However, the longer febrile state in the NC was in agreement with the reduced growth performance in these pigs compared with pigs on other treatment diets observed after bacterial challenge.
The oral challenge of pigs with pathogenic E. coli has been used widely as a model of postweaning diarrhea (Wellock et al., 2008) . Similarly, our challenge experiments using a clinical strain of ETEC revealed various degrees of piglet scouring depending on the dietary treatment and time postchallenge. Pigs in most dietary treatments had decreased fecal consistency scoring for 2 d postchallenge, which was also associated with shedding of ETEC in the feces. Compared with other treatments, NC had a longer duration of scouring and fecal shedding of ETEC, which may suggest the benefi t of the supplemented diets in reducing the bacterial loads in the intestines through different mechanisms, thereby improving the ADG and G:F of these pigs. From the 3 concentrations applied, only T3 had normal feces comparable with the unchallenged group (CON) throughout the study period, suggesting the potential of controlling ETEC-induced di- Table 4 . Serum IL-6 (ng/mL, least squares mean) in weaning pigs fed 6 treatment diets during 2 wk after being orally challenged with enterotoxigenic Escherichia coli (ETEC) 1 x-z Within a column, values without a common superscript differ (P < 0.05).
2 CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 10 9 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/ kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 10 8 cfu/kg Lactobacillus plantarum CJLP243; T2 = control diet plus 10 9 cfu/kg L. plantarum CJLP243; and T3 = control diet plus 10 10 cfu/kg L. plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 10 9 cfu of ETEC. a-e Within a row, values without a common superscript differ (P < 0.05).
arrhea using the greatest concentration of the probiotic strain, L. plantarum CJLP243.
The increase in serum concentrations of acute phase proteins after infection, infl ammation, or trauma is typical of a nonspecifi c, acute phase immune response. Increased serum haptoglobin concentrations are associated with increased immune function as IL-6 stimulates increased hepatic acute phase protein synthesis (Johnson, 1997) . Several studies have demonstrated an increase in serum haptoglobin concentrations in pigs challenged with both infectious agents, such as Salmonella typhimurium (Balaji et al., 2000; Gebru et al., 2010) , and noninfectious endotoxin compared with nonchallenged counterparts (Dritz et al., 2002) . Similarly, ETEC-challenged piglets in the present study had increased concentrations of serum haptoglobin compared with CON, and the greatest concentration of serum haptoglobin was observed in NC. The latter is an indication of the protective effect of probiotic-or antibiotic-supplemented diets compared with NC during acute gut challenge. The serum haptoglobin concentration of T2 was relatively constant throughout the postchallenge period. This could not be explained in light of the observation that all other indications of acute infection, such as increased RT and scouring, were also apparent in this group of piglets.
A local or systemic up-regulation of pro-infl ammatory cytokines is a hallmark of the response of the host to bacterial infections. Circulating cytokine concentrations can be diffi cult to use as markers of local gut infl ammation and infection. This is because some infections may lead to a local increase in cytokine production and sequestration in infl amed gut tissue, whereas in other cases, systemic cytokine concentrations may increase initially during the acute febrile state and return rapidly to baseline concentrations (Balaji et al., 2000; Gebru et al., 2010) . To address the possibility of an initial increase and rapid decline in serum cytokine concentrations after ETEC challenge, a more frequent blood sampling regimen, starting as early as 3 h postchallenge, was chosen in the present study. Enterotoxigenic E. coli challenge in our study resulted in greater serum concentrations of various cytokines, including TNF-α, IL-6, and INF-γ, compared with CON. This is in agreement with previous reports that showed an increased production of pro-infl ammatory cytokines, such as TNF-α and IL-6 in ETEC-challenged pigs (Bosi et al., 2004; Zanello et al., 2011) . The degree and duration of these effects were dependent on dietary treatment and time postinfection. Generally, T3 had the least concentration of cytokines comparable with PC, which persisted for shorter time compared with other treatment groups. These results may suggest a comparable health-promoting effect of feeds supplemented with a greater concentration of the probiotic strain, L. plantarum CJLP243, to antibiotic-supplemented diets, by down-regulating the production of pro-infl ammatory cytokines after acute ETEC challenge in piglets.
The results of the present study demonstrated the growth and health-promoting effects of the probioticsupplemented diet, especially T3, in piglets. The mechanisms for the observed effects of probiotics were not investigated here. However, various modes of action of probiotics have been proposed, including host microfl ora modulation, modifi cations of the structure and function of the intestinal epithelium, as well as modifi cation of the immune response (Stein and Kil, 2006; Boirivant and Strober, 2007) . The reduced fecal shedding of ETEC observed in T3 may suggest colonization of the gut mucosa by the probiotic bacteria, thereby inhibiting the adhesion of ETEC to the gastrointestinal mucosa. In addition to forming a biological barrier to the adhesion of pathogenic Table 6 . Serum interferon-γ (ng/mL, least squares mean) in weaning pigs fed 6 treatment diets during 2 wk after being orally challenged with enterotoxigenic Escherichia coli 1 Values within a row without a common superscript differ (P < 0.05).
x-z Within a column, values without a common superscript differ (P < 0.05). 1 Effects of diet, time, and diet × time interaction, P < 0.001. 2 CON = Control diet not challenged; NC = negative control (control diet challenged with 5 × 109 cfu of ETEC); PC = positive control diet with antibiotics (50 mg/kg of apramycin, 39 mg/kg of tiamulin, 100 mg/kg of sulfathiazole, 30 mg/kg of bacitracin methylene disalicylate; T1 = control diet plus 108 cfu/kg Lactobacillus plantarum CJLP243; T2 = control diet plus 109 cfu/kg Lactobacillus plantarum CJLP243; and T3 = control diet plus 1010 cfu/kg Lactobacillus plantarum CJLP243. Piglets were fed 1 of the 6 test diets for 14 d. On d 14 of the experimental period, all groups except CON were orally administered 5 × 109 cfu of ETEC. microbes, the benefi cial effect of probiotic bacteria also has been associated with their metabolites, which stimulate the colonization and reproduction of Lactobacilli and other anaerobic bacteria in the mucosa, and suppress the enterobacterial numbers in the intestines (Chang et al., 2001; Huang et al, 2004) .
In conclusion, the results of the current study suggest that the probiotic strain, L. plantarum CJLP243, at a concentration of 10 10 cfu/kg, may serve as a potential alternative to antibiotic supplementation to improve the growth and health performance of weaning pigs, especially during acute infl ammation of the gut in response to bacterial infection.
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